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(54) Restoration network architecture 

(57) A network (100) capable of quickly restoring 
traffic includes main and tertiary communications media 
(103, 105), each having associated main channels 
( 1 02 - 1 02 n ) and tertiary chan nels ( 1 04 j - 1 04 m ) , respec- 
tively. A first main channel (102 -|) and first tertiary chan- 
nel (104^ run in parallel between a pair of digital signal 
protection switches (106-,, 106 2 ) coupled to a pair of 
digital cross-connect systems (108 1t 116) that are 
spanned by the remaining main channels (102 2 -102 n ) 
and tertiary channels (104 2 -104 m ) in parallel. A control- 
ler 1 20 is responsive to the traffic on the main communi- 

FIG. 2 



cations medium for signaling the first and second digital 
protection switches (106 v IO62) to switch traffic from 
the first main channel (102^ to the first tertiary channel 
(104^ should the first main channel become unavaila- 
ble. The controller also subsequently signals the first 
and second digital cross-connect devices, which switch 
slower than the digital signal protection switches, to 
switch traffic from one or more of the other main chan- 
nels to corresponding tertiary channels should such 
main channels become unavailable. 
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Description 

Technical Field 

This invention relates to an architecture for a tele- 
communications network that provides rapid restoration 
of traffic in the event a communications path within the 
network becomes unavailable. 

Background of the Invention 

Present day networks, especially those carrying tel- 
ecommunications traffic, often employ different types of 
communications media to carry information between an 
origin and a destination. For example, within the AT&T 
telecommunications network, fiber optic cables, copper 
cables, satellites and microwave stations collectively 
carry telecommunications traffic. In some instances, a 
telecommunication network may employ two different of 
types of communications media in parallel between a 
pair of network nodes to allow traffic to be routed from 
one medium to another should one become unavailable 
because of a disruption or a lack of transport capacity. 
For example, within the AT&T network telecommunica- 
tions, both an undersea fiber optic cable and a satellite 
link exist between Alaska and the continental United 
States. Thus, in theory, traffic than cannot pass on the 
undersea cable because of a disruption could be routed 
via satellite, avoiding blocked calls. 

In practice, traffic restoration via satellite is usually 
not instantaneous. In many instances, the satellite may 
already be carrying traffic on an assigned transponder 
frequency. Thus, additional transponders may be nec- 
essary to carry the traffic unable to pass via the under- 
sea cable. Assuming such transponders are even 
available, their use often requires re-orientation of the 
uplink and/or downlink earth stations which may take 
time, resulting in blocked calls. Often, restoration of full 
traffic occurs only after repair of the cable which may 
take days, even weeks to complete. 

Thus, there is a need for a telecommunications net- 
work architecture that facilitates rapid restoration. 

Brief Summary of the Invention 

Briefly, in accordance with the invention, there is 
provided a telecommunications network that provides 
fast traffic restoration. The network includes a plurality 
of main communications channels that collectively com- 
prise a main communications medium. The network fur- 
ther includes a plurality of tertiary (restoration) channels 
that collectively comprise a tertiary communications 
medium. For example, the main channels may comprise 
separate multiplexed time slots on one or more fibers 
within an optical fiber cable. The tertiary channels may 
comprise transponder channels associated with a satel- 
lite. A first one of the main channels and a first one of 
the tertiary channels run parallel to each other between 



a first and second protection switching devices, e.g., 
first and second digital signal protection switches. The 
first and second protection switching devices are cou- 
pled to first and second cross-connect devices, respec- 

s tively, connected to first and second 
telecommunications switches, respectively. The first ter- 
tiary channel remains active (along with the other terti- 
ary channels) but typically does not carry normal 
(service), Thus, the first tertiary channel serves as a 

w restoration path to permit traffic on the first main chan- 
nel to be diverted thereto should the first main channel 
become unavailable. 

The first and second switching devices, along with 
the first and second cross-connect devices, are control- 

15 led by a controller responsive to the traffic carried on the 
first main and first tertiary channels. Should the first 
main channel become unavailable, then the controller 
signals the first and second protection switching devices 
to rapidly switch traffic from the first main channel to the 

20 first tertiary channel, allowing for rapid restoration of at 
least some of the traffic carried by the main communica- 
tions medium. The other main channels and the other 
tertiary channels run in parallel between the first and 
second cross-connect devices. Should any of the main 

25 channels other than the first one become unavailable, 
then the controller signals the first and second cross- 
connect devices, which switch at a rate slower than the 
first and second protection switching devices, to switch 
traffic from one or more of the other main channels onto 

30 at least one of tertiary channels other than the first one. 
The advantage of the above<lescribed network is 
its ability to rapidly restore at least a portion of the traffic 
carried on the first main communication medium chan- 
nel by switching such traffic automatically, in a nearly 

35 instantaneous manner, onto the first tertiary channel via 
the first and second protection switching means. Traffic 
on the other main channels can be routed via the 
slower-reacting digital cross-connect devices to the 
other tertiary channels should additional capacity be 

40 necessary. 

Brief Description of the Drawings 

FIGURE 1 is a block schematic diagram of a prior 
45 art telecommunications network; and 

FIGURE 2 is a block schematic diagram of the tele- 
communications network of the invention. 

Detailed Description 

so 

FIGURE 1 illustrates a block schematic diagram of 
a prior art telecommunications network 10 depicting the 
network presently employed by AT&T to provide tele- 
communications services between Pacific City, Oregon 
55 and Anchorage Alaska. At Pacific City, Oregon, a first 
toll switch 12, typicaHy a number 4ESS switch formerly 
manufactured by AT&T feeds originating traffic to (or 
receives terminating traffic from) a first Digital Compres- 
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sion System (DCS) 14. The DCS 14 provides 3:1 com- 100 in accordance with the invention for providing timely 

pression of signals that pass from the switch 12 to a first restoration of traffic in the event a communication path 

Digital Cross-Connect (DACS) System 16 and 1:3 in the network becomes unavailable. The network 100 

decompression of signals passing from the DACS 16 to includes a plurality of main communications channels 

the switch. 5 102 v ..102 n where n is an integer greater than 1. The 

The DACS 16 provides a cross-connection main communications channels 102 r 102 n collectively 

between the signal paths associated with the first DCS comprise the channels of a first communications 

14 and a set of channels of a first terminal 18 located at medium 103, such as an undersea cable. Additionally, 

Pacific City, Oregon. The first terminal 18 terminates the network includes a plurality of tertiary communica- 

one end of a multi-channel undersea cable 20 whose io tions channels I04 r 104 m (where m is an integer 

opposite end terminates at a second terminal 22 greater than 1) that collectively comprise the channels 

located at Seaward, Alaska. A second DACS 18 cross- ° f a second communications medium 105, such as a 

connects the channels of the cable 20 that terminate at satellite (not shown). 

the second terminal 22 to a telecommunications switch At least the first tertiary channel 104 1( and typically 

26, also typically a 4ESS switch located at Anchorage, is the remaining tertiary channels 1 042*1 04 m are active 

Alaska. but are not normally employed to carry service traffic on 

The DACS 16 also connects the channels of the a routine basis. Rather, the tertiary channels 104 1t - 

DCS 14 via a set of paths 28 (typically T3 trunks) to a 104 m serve as restoration channels to carry traffic in the 

first Integrated Access Terminal (I AT) 29 that provides event that one or more of the main channels 102 r 102 n , 

3:1 compression for traffic passing from the DACS 16 to 20 becomes unavailable, either because of a lack of trans- 

a first earth station 30 located within the Continental mission capacity, or as a result of a disruption caused by 

United States. (By the same token, the IAT 29 provides a cable break. Thus, the channels 104 1 -104 m have the 

1 :3 decompression for the signals received from the capability of carrying traffic even though they may 

earth station 30 that pass to the DACS 16.)- The earth remain idle as long as the main channels 102.,-I02 n are 

station 30 transmits signals to, and receives signals 25 active. 

from a satellite 32 that also sends signals to, and A first main communication channel 102t and a first 

receives signals from, a second earth station 34 located tertiary communication channel 104 1 run parallel to 

in Alaska. In this way, traffic can pass via the satellite 32 each other between a first and second high-speed pro- 

between the earth stations 30 and 34 in the continental tection switching devices 106-1 and 106 2 , each jypically 

United States and Alaska, respectively. so a digital signal protection switch, as is available in the 

The earth station 32 is coupled to a second IAT 36 art. Each of the switching devices 1 06-, and 1 06 2 is cou- 

that is linked via a set of channels 38 (typically T3 links) pled to one of Digital CrossConnect devices (DACSs) 

to the DACS 24. Like the IAT 29, the IAT 39 provides 3:1 108t and 108 2 . Each of the DACSs 108-, and IO82 

compression of transmitted traffic from the DACS 24 to routes the traffic received from, and passing to, a sepa- 

the earth station 34, and 1 :3 decompression of the traf- 35 rate one of the protection switching devices 106, and 

fic from the earth station to the DACS. IO62 through a corresponding one of Integrated Access 

The channels of the cable 20 that connect the Terminals (lATs) 110 1 and 110 2 , respectively. As with 

DACS 16 and the DACS 24 are designated in FIG. 1 as the lATs 29 and 36 of FIG. 1 . the lATs 1 10! and 1 10 2 of 

the service path because the channels of the cable FIG. 2 provide 3:1 compression of signals transmitted to 

carry normal (service) traffic. By cone the communica- 40 the corresponding protection switch, and 1:3 decom- 

tion path provided via the trunks 28, the satellite 32 and pression of signals received from each protection 

the trunks 38 is generally referred to as the restoration switch, respectively. 

path because traffic is only carried on this path when the The IAT 110! is coupled via its corresponding 

service path is unavailable. Such unavailability may DACS 108! to a Digital Compression System (DCS) 

occur when there is a disruption on the service path, or 45 112 that in turn, is coupled to a first telecommunications 

when the service path is already at capacity. switch 1 14 1( typically a No. 4ESS switch as are known 

Restoration of a broken communication path within in the art. Although not necessary to the operation of the 

the network 10 of FIG. 1 is generally a manually opera- network, it is desirable to employ the DCS 1 12 to pro- 

tion. When an outage of cable 20 occurs, technicians vide 3:1 compression of traffic transmitted from the 

signal the DACS 16 and 24 to switch traffic from each so switch, and 1 .3 compression of traffic sent to the switch, 

channel of the cable that is unavailable to an associated The IAT 110 2 is coupled via its corresponding DACS 

transponder channel on the satellite 32. Depending on IO82 directly to a second telecommunications switch 

the transponder channels that are available on the sat- 1 14s, such as a No. 4ESS switch, formerly manufac- 

ellite, it may be necessary for technicians at either or tured by AT&T, or a DMS switch manufactured by Nortel 

both of the earth stations 30 and 34 to re-orient their 55 (formerly Northern Telcom). Although not necessary for 

earth station antenna, preventing timely restoration of the operation of the network 100, it nonetheless is desir- 

traffic. able to employ the lATs 110! and 110 2 to effectively 

FIGURE 2 depicts a telecommunications network increase the traffic carrying capacity of the first main 
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communication channel 102 1 ands the first tertiary com- 
munications channel 104-,. 

The remaining channels 102 2 -102 n of the main 
communications medium 103 run in parallel between 
the DACS 108! and a Small Office Switch (SOS) 116, 5 
that may take the form of a digital cross-connect device 
or the like as are known in the art. Similarly, the tertiary 
channels 104 3 -104 m of the tertiary communications 
medium 105 run in parallel with the main channels 
1 02 2 -1 02 n between the DACS 1 08^ and the SOS 1 1 6. A w 
pair of lATs 118! and 118 2 couple the tertiary channel 
1042 to the DACS 108! and the SOS 116, respectively. 
Uke the lATs 110! and 110 2 , the lATs 118! and 1182 
provide compression and decompression for signals 
transmitted therefrom and received thereby, respec- 15 
tively. In practice, the SOS 1 1 6 is coupled to the switch 
1142 through the DACS 1082 although a direct link 
between the SOS and the switch is possible. 

A master controller 120, in the form of a processor, 
controls the DCS 1 1 2, the DACS 1 08! , the DACS 1 082, 20 
the SOS 116 and the protection switching devices 106! 
and 1062- The master controller 120 is responsive to 
status of both the main and tertiary communications 
media. In other words, the master controller 120 is 
responsive to the traffic on the channels 1 02! -1 02 n and 25 
104!-104 m . In the even that the main communications 
medium (e.g., the undersea cable) becomes unavaila- 
ble, as a result of a disruption, the controller 120 imme- 
diately signals the protection switching devices 106! 
and 1 06 2 to route traffic from the first main channel 1 02! 30 
to the first tertiary channel 104!. In this way, very rapid 
restoration of at least a portion of the traffic is achieved. 
In practice, the switching devices 104! and 104 2 can 
switch traffic almost instantaneously, far more quickly 
than the switching capability of the DACS 108! and tne 35 
SOS 116. 

Should additional capacity be needed beyond that 
provided by the first tertiary channel 104 1( then the 
master controller 120 signals the DACS 108! and the 
SOS 116 to switch traffic from one or more of the 40 
remaining channels 102 2 -102„ to one or more of the 
tertiary channels 1 042-1 04 m . In practice, the DACS 
108! and the SOS 116 typically switch slower than the 
switching devices 106! and 106 2f so that full restoration 
(beyond the capacity of the first tertiary channel 104-j) as 
will take somewhat longer. 

Unlike the network 10 of FIG. 1 , restoration of a bro- 
ken communications path within the network 100 is 
automatic, and is effected relatively rapidly. Moreover, 
all of the decision making for restoration is centralized so 
within the processor 120, allowing for better supervision 
by the entity responsible for maintaining the network 
100. 

It is to be understood that the above-described 
embodiments are merely illustrative of the principles of 55 
the invention. Various modifications and changes may 
be made thereto by those skilled in the art which will 
embody the principles of the invention and fall within the 
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spirit and scope thereof. 

Where technical features mentioned in any claim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly, such ref- 
erence signs do not have any limiting effect on the 
scope of each element identified by way of example by 
such reference signs. 

Claims 

1 . A network for providing rapid restoration of traffic in 
the event a path within the network becomes una- 
vailable; 

a main communications medium comprised of 
a first main channel and a plurality of other 
main channels; 

a tertiary communications medium comprising 
a first tertiary channel and a plurality of other 
tertiary channels; 

first and second protection switching means 
linked by the first main channel and the first ter- 
tiary channel in parallel, the first and second 
protection switching means rapidly switching 
traffic from the first main channel to the first ter- 
tiary channel should the first main channel 
become unavailable to carry traffic;, 
first and second digital cross-connect systems 
coupled to the first and second protection 
switching means, respectively, said first and 
second cross-connect systems also linked by 
the plurality of other main communications 
channels and the plurality of other tertiary com- 
munication channels in parallel, the first and 
second digital cross-connect systems cooper- 
ating to switch traffic from any of the plurality of 
other main communication channels to one of 
the plurality of other tertiary channels at a rate 
slower than the rate at which the first and sec- 
ond protection switches switch traffic should 
said any of the plurality of other main channels 
become unavailable; 

first and second switches for routing traffic to 
and from the first and second digital cross-con- 
nect devices; and 

a controller for controlling the first and second 
protection switching means and for controlling 
the first and second digital cross-connection 
systems for signaling the first and second pro- 
tection switching means to switch traffic from 
the first main channel to the first tertiary chan- 
nel and for subsequently signaling the first and 
second digital cross-connect systems to switch 
traffic from any of the plurality of other main 
communication channels to one of the plurality 
of other tertiary channels. 
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2. The network according to claim 1 wherein the main 
communications medium comprises an undersea 
cable. 

3. The method according to claim 1 wherein the terti- 5 
ary communications medium comprises a satellite. 

4. The network according to claim 1 further including a 
first compression system coupled between the first 
switch and the first digital cross-connect system for w 
compressing traffic transmitted from, and for 
decompressing traffic received by, the first switch. 

5. The network according to claim 1 including a first 
and second integrated access terminals associated 75 
with the first and second protection switching 
means, respectively, the first and second integrated 
access terminals each compressing traffic transmit- 
ted to, and decompressing traffic transmitted from, 

the first and second protection switching means, 20 
respectively. 

6. The network according to claim 1 wherein each of a 
pair of integrated access terminals couples oppo- 
site ends of one of the plurality of other tertiary 25 
communication channels to the first and second 
digital cross-connection systems, respectively. 



7. The network according to claim 1 further including a 
third digital cross-connection system interposed 
between the second switch and the second digital 
cross-connect system and second protection 
switching means for connecting the second switch 
thereto. 

8. The network according to claim 1 wherein the con- 
troller comprises a processor. 
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second cross-connect systems also linked by 
the plurality of other main communications 
channels and the plurality of other tertiary com- 
munication channels in parallel, the first and 
second digital cross-connect systems cooper- 
ating to switch traffic from any of the plurality of 
other main communication channels to one of 
the plurality of other tertiary channels at a rate 
slower than the rate at which the first and sec- 
ond protection switches switch traffic should 
said any of the plurality of other main channels 
become unavailable; 

a first second switch for routing traffic to and 
from the first connect device 
a third digital cross-connect system coupled to 
the second protection switching means and the 
digital second cross-connect system; 
a second telecommunications switch for rout- 
ing traffic to and from the third digital cross- 
connect system; and 

a controller for controlling the first and second 
protection switching means and for controlling 
the first, second, and third digital cross-connec- 
tion systems for signaling the first and second 
protection switching means to switch traffic 
between the first main and first tertiary chan- 
nels in the event either becomes unavailable 
and for subsequently signaling the first, second 
and third digital cross-connect, systems to 
switch traffic between at least one of the plural- 
ity of other main communication channels and 
one of the plurality of other tertiary channels in 
the event that either becomes unavailable. 

10. The network according to claim 9 wherein the main 
communications medium comprises an undersea 
cable. 



9. A network for providing rapid restoration of traffic in 
the event a path within the network becomes una- 40 
vailable; 

a main communications medium comprised of 
a first main channel and a plurality of other 
main channels; 45 
a tertiary communications medium comprising 
a first tertiary channel and a plurality of other 
tertiary channels; 

first and second protection switching means 
linked by the first main channel and the first ter- so 
tiary channel in parallel, the first and second 
protection switching means rapidly switching 
traffic from the first main channel to the first ter- 
tiary channel should the first main channel 
become unavailable to carry traffic;. ss 
first and second digital cross-connect systems 
coupled to the first and second protection 
switching means, respectively, said first and 



11. The method according to claim 9 wherein the terti- 
ary communications medium comprises a satellite. 

12. The network according to claim 9 further including a 
first compression system coupled between the first 
switch and the first digital cross-connect system for 
compressing traffic transmitted from, and for 
decompressing traffic received by, the first switch. 

13. The network according to claim 9 including a first 
and second integrated access terminals associated 
with the first and second protection switching 
means, respectively, the first and second integrated 
access terminals each compressing traffic transmit- 
ted to, and for decompressing traffic transmitted 
from, the first and second protection switching 
means, respectively. 

14. The network according to claim 9 wherein each of a 
pair of integrated access terminals coupled oppo- 
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site ends of one of the plurality of other tertiary 
communication, channels to the first and second 
digital cross-connection systems, respectively. 

1 5. A method for rapidly restoring traffic in a network, 5 
comprising the steps of: 

providing a main communications medium 
comprised of a first main channel and a plural- 
ity of other main channels and providing a terti- w 
ary communications medium comprising a first 
tertiary channel and a plurality of other tertiary 
channels; 

spanning first and second protection switching 
means with the first main channel and the first is 
tertiary channel in parallel; 
spanning a first and second digital cross-con- 
nect system with the plurality of other main 
communications channels and the plurality of 
other tertiary communications channels in par- 20 
allel; 

signaling the first and second protection 
switching means, via a controller responsive to 
the traffic carried by the first main and first ter- 
tiary communication channels, to switch traffic 25 
from the first main channel to the first tertiary 
channel when the first main channel is unavail- 
able; and 

subsequently signaling the first and second 
cross-connect systems responsive to the traffic 30 
on the plurality of other main channels to switch 
traffic from any of the plurality of other main 
communication channels to one of the plurality 
of other tertiary channels at a rate slower than 
the rate at which the first and second protection 35 
switches switch traffic should any of the plural- 
ity of other main channels become unavailable. 
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(54) Restoration network architecture 

(57) A network (100) capable of quickly restoring 
traffic includes main and tertiary communications media 
(103, 105), each having associated main channels 
(102 r 102 n ) and tertiary channels (104 r 104 m ), respec- 
tively. A first main channel (1 02^ and first tertiary chan- 
nel (104^ run in parallel between a pair of digital signal 
protection switches (106 1t 106 2 ) coupled to a pair of 
digital cross-connect systems (108 1t 116) that are 
spanned by the remaining main channels (102 2 -102 n ) 
and tertiary channels (104 2 -104 m ) in parallel. A control- 
ler 120 is responsive to the traffic on the main communi- 

FIG. 2 

W 



cations medium for signaling the first and second digital 
protection switches (106^ 1062) to switch traffic from 
the first main channel (1 02-,) to the first tertiary channel 
(104^ should the first main channel become unavaila- 
ble. The controller also subsequently signals the first 
and second digital cross-connect devices, which switch 
slower than the digital signal protection switches, to 
switch traffic from one or more of the other main chan- 
nels to corresponding tertiary channels should such 
main channels become unavailable. 
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